An extracellular endoglucanase was isolated from the culture liquid of xylanase producing strain Aspergillus niger B03. The enzyme was purified to a homogenous form, using consecutive ultrafiltration, anion exchange chromatography, and gel filtration. Endoglucanase was a monomer protein with a molecular weight of 26,900 Da determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and 28,800
INTRODUCTION
The hydrolysis of lignocellulosic biomass to fermenting sugars, which can be used for ethanol biosynthesis, is one of the possibilities for production of alternative energy sources.
Annually about 7 million tons of lignocellulosic wastes from the grain-producing industry are deposited from the membercountries of the European Union (3). Lignocellulosic biomass includes various agricultural residues (straws, hulls, stems, and stalks), deciduous and coniferous woods, municipal biodegradable wastes, waste from the pulp and the paper industry and herbaceous energy crops. The composition of lignocellulosic biomass varies significantly. The main polysaccharide components are cellulose, representing 35-50 % of the biomass and xylan, which constitutes about 30 % (3).
The process of ethanol production from lignocellulosic biomass includes delignification of the plant biomass and hydrolysis of cellulose and hemycellulose to monosaccharides (2). The hydrolysis process can be performed by treatment with acids at high temperatures or by enzyme action. The acidic hydrolysis acquires a significant energy consumption and acid resisting equipment, which makes the process more expensive. their ability to produce cellulolytic and xylanolytic enzymes (1, 4) . A characteristic feature of the mould strains is their ability to produce simultaneously cellulose and xylan degrading enzymes. Cellulases and xylanases produced by a certain strain may act synergistically during the hydrolysis of lignicellulosic biomass (10, 18, 19, 20) .
The isolation, purification, and characterization of the separate enzymes, involved in lignocellulosic biomass hydrolysis give possibility for their effective application. The aim of the present research is to describe the biosynthesis, isolation and characterization of an endoglucanase from a xylanase producing strain Aspergillus niger B03.
MATERIALS AND METHODS

Strain Cultivation
The research was performed with an industrial xylanase producing strain Aspergillus niger B03 from Biovet JSC. For endoglucanase biosynthesis the strain was cultivated in 15 L laboratory bioreactor Aplikon as described previously (6, 7).
The biomass was removed by filtration and the culture filtrate was used for the enzyme isolation.
Endoglucanase Purification
Endoglucanase purification was performed by ultrafiltration using 10 kDa membrane, anion-exchange chromatography and a subsequent gel filtration on a chromatographic system (Pharmacia biotech). Anion-exchange chromatography was carried out on a DEAE-Sephadex A50 
Determination of Endoglucanase Molecular Weight
The molecular weight of endoglucanase was determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and gel filtration. SDS-PAGE was performed by the method of Laemli (11) 
Effect of pH and Temperature on Endoglucanase Activity and Stability
The effect of pH and temperature was evaluated in the range of pH 2.5-8.0 (pH interval 0.5) and temperature of 30-90 °C (temperature interval 5 °C) by performing the CMCase activity assay. Citrate-phosphate buffer solutions were used for pH profile determination. Thermal and pH stabilities were determined by pre-incubating the enzyme at various temperatures, notably, 40 °C and 60 °C, at pH 3.0, 5.0 and 7.0 for up to 210 min. At every 15 min a sample was withdrawn and the residual activity of the enzyme was determined. Endoglucanase from a xylanase producing strains A. niger
Estimation of Endoglucanase Substrate Specificity and Kinetic Parameters
The substrate specificity of endoglucanase was tested with 10 mg/mL carboxymethyl cellulose (CMC), cellobiose, and methyl glycoside (Sigma) by determination of the reducing sugars released. When 1.0 mM -nitrophenyl--Dglucopyranoside (Sigma) was used as a substrate, the activity was determined as described by Ponpium (17) . The enzyme activity against filter paper was determined with 50 mg
Whatman No 1 filter paper soaked in 1.8 mL of 100 mM sodium acetate buffer with pH 5. The enzyme reaction was performed at 50 °C for 60 min and the increase in reducing sugars was assayed.
Kinetic parameters were determined using CMC as a substrate in the range of 4.0-9.0 mg/mL initial concentration by applying Lineweaver-Burk transformation. 
Hydrolysis of CMC by Endoglucanase
Synergism of Endoglucanase and Endoxylanase Action
The synergistic effect of endoglucanase and endoxylanase was evaluated by the hydrolysis degree of corn cobs.
Endoxylanase was isolated from the culture liquid of Aspergillus niger B03 as described previously (8) . Three samples, containing respectively endoglucanase, endoxylanase and both enzyme preparations were prepared. 10 mg/mL of corn cobs (milled to <1 mm) were suspended in 100 mM 
Assays
The concentration of reducing sugars was determined by the dinitrosalicylic acid method (13) . Protein content was assayed by the Lowry method (12) with bovine serum albumin (Sigma) as a standard. Biomass concentration was determined by the dry weight after drying at 105 °C.
RESULTS AND DISCUSSION
Biosynthesis of Endoglucanase
The dynamics of biosynthesis and Aspergillus niger growth in submerged cultivation in 15 L stirred and aerated laboratory bioreactor is shown on Fig. 1 . The period within 15-35 h was the log phase of the strain growth and it was characterized with a sharp increase of biomass production and outlet CO 2. Endoglucanase biosynthesis began after 45 h of fermentation. According to biomass and CO 2 production more significant increase in endoglucanase biosynthesis was observed at the end of log phase and continued during the stationary phase of strain growth.
After 20 h of fermentation a tendency of decrease in pH of the culture medium was observed (data not shown). Significant increase in CMCase activity was observed at pH within 3.0-4.0. Maximum enzyme activity (3.7 U/mL) was achieved after 95 h of fermentation at pH 4.0.
Reducing sugars concentration gradually decreased during Endoglucanase from a xylanase producing strains A. niger the process. Increase in CMCase activity and medium pH began after the complete run out of reducing sugars, which is probably due to the use of the obtained organic acids as carbon source.
Figure 1. Dynamics of endoglucanase biosynthesis and strain cultivation: ( ) biomass concentration; ( ) CMCase activity; ( ) CO 2 ; (-) dissolved oxygen
Purification and Molecular Weight of Endoglucanase
The extracellular endoglucanase produced by Aspergillus niger B03 was purified using three consecutive steps (ultrafiltration and column chromatography). A summary of the purification procedure is presented in Table 1 . The ultrafiltration step yielded 91.35 % of CMCase activity in the retentate. For further purification, the retentate was subjected to anion-exchange chromatography on DEAE-Sephadex A50 (Fig. 2) . Only one peak showing CMCase activity was detected.
On this stage of the purification procedure the enzyme did not appear as a single band on SDS-PAGE, which imposed the need of further purification by gel filtration with Sephadex G75. After this step endoglucanase was detected as a single band on the electropherogram, indicating a homogeneous enzyme (Fig. 3) .
The molecular weight of the purified endoglucanase was determined to be 26,900 Da by SDS-PAGE and 28,800 Da by gel filtration. The close values, achieved by both methods suggested it to be a monomer protein. 
Effect of pH and Temperature on Enzyme Activity and Stability
The effect of pH and temperature was studied with the homogenous and the crude endoglucanase (data not shown).
Both enzyme preparations showed maximal CMCase activity at pH 3.5, and 80 % relative activity was detected in the range of pH 2.5-4.5.
The homogenous and the crude enzyme preparations showed a high activity at high temperature values. The optimal temperature value was 65 °C and both enzymes displayed over 
CMC Hydrolysis by Endoglucanase
CMC hydrolysis was studied by assaying the change in the relative viscosity and the reducing sugars content (Fig. 4) . 
Synergism of Endoglucanase and Endoxylanase Action
The synergistic effect of endoglucanase and endoxylanase was studied by performing hydrolysis of corn cobs by the single and combined action of both enzymes (Fig. 5) . The corn cobs used were a complex substrate, containing 9.57 % -glucans and 35.56 % arabonoxylans (6) . The results showed that the substrate is more effectively hydrolyzed by the combined action of endoglucanase and endoxylanase in comparison to the separate enzymes.
Furthermore, a synergistic effect was observed. The concentration of reducing sugars formed by both enzymes was higher than the theoretically calculated value. At the end of the process the increase was about 50 %. These results may be explained by the degradation of xylan networks between cellulose microfibrils, which allows endoglucanase to degrade cellulose microfibrils in the deeper structure (14) . Similar synergistic effect was reported for other xylan and cellulose degrading enzymes (14, 15) . 
CONCLUSION
An endoglucanase was isolated from the culture liquid from a xylanase producing strain Aspergillus niger B03. The enzyme was highly active against CMC, it showed lower activity against filter paper, did not act on -glycosides, and caused a decrease in CMC viscosity. These results indicated that the enzyme is an endoglucanase. The isolated endoglucanase degraded complex substrates as corn cobs in synergism with an endoxylanase, which allows the enzyme to be applied in hydrolysis of lignocellulosic biomass.
